Sixteen patients with dilated cardiomyopathy were examined hemodynamically in order to clarify the relationship between the exercise capacity and the effects of afterload reduction at rest using supine graded bicycle exercise testing before and after sublingual administration of 10 mg nifedipine. 1) The integration of work loads was weakly correlated with the stroke index (r = 0.64), heart rate (r = -0.58) and plasma norepinephrine concentration at rest (r = 0.49), but not with the left ventricular ejection fraction, cardiac index, pulmonary arterial diastolic pressure or the mean arterial pressure at rest. 2) Changes in stroke index and heart rate after administration of nifedipine correlated well with the integration of work loads (r = -0.84, r = 0.81, respectively). Thus, in patients with dilated cardiomyopathy changes in stroke volume and heart rate due to afterload reduction at rest were better predictors of exercise capacity than the baseline left ventricular hemodynamic parameters. (Internal Medicine 31: 344-348, 1992) 
Introduction Methods
It is well known that patients with severe left ventricular dysfunction vary widely in their exercise capacity such that their resting hemodynamic data do not provide practical information about their exercise capacity (1 -3) . In contrast,the improvement in symptoms and hemodynamics in patiens with heart failure following acute vasodilator therapy is generally recognized both during rest and during exercise (4-6). However, the relationship between he effect of afterload reduction and exercise capacity is unclear. We therefore conducted a study to determine whether changes in hemodynamics by afterload reduction at rest would be related to exercise capacity of patients with severe left ventricular dysfunction.
Patients The study group consisted of 16 patients, 12 males and 4 females aged 27-67 years (mean 48.1), with idiopathic dilated cardiomyopathy. The diagnosis was established on the basis of complete medical history, physical exam ination, chest roentgenogram, echocardiography, 201Tl myocardial images, and coronary angiography. Those patients with coronary artery disease, primary valvular heart disease, alcohol abuse, systemic hypertension, diabetes mellitus, exposure to cardiotoxic drugs or with other known causes of secondary myocardial disease were excluded from this study. Symptomatic heart failure had been present in these patients for 1 month to 6years (mean 1.0 year). For at least three days prior to the study, digitalis, vasodilator or other cardiac drugs were discontinued. Eight patients were classified as functional class III of the New York Heart Association (NYHA) criteria, and eight were as functional class II ( All patients were in sinus rhythm and had received cardiac catheterization. Their baseline cardiac index ranged from 2.0 to 4.4 liters/min/m2 (mean of 2.9 ± 0.6), stroke volume index from 27 to 62ml/beat/m2 (mean 42.4 ± ll.4), pulmonary arterial diastolic pressure from 6 to 24mmHg (mean 13 ± 5) and left ventricular ejection fraction from 7 to 50% (mean 34 ± 14) ( Table 2) . Study protocol A Swan-Ganz catheter was inserted via the subclavian vein and placed in the pulmonary artery. The following values were determined at baseline: blood pressure, heart rate, pulmonary arterial pressure, cardiac output and left ventricular ejection fraction (using radio nuclide angiography). In order to examine whether the effects of afterload reduction is related to sympath etic nerve activity, blood samples for measuring the plasma norepinephrine concentration were obtained at rest. Thereafter, exercise testing was performed with patients in the supine position using a bicycle ergometer Relationship between ventricular function at rest and exercise capacity No significant correlation was found between the integration of work loads and mean arterial pressure, pulmonary arterial diastolic pressure, cardiac index and left ventricular ejection fraction. Stroke index, heart rate and plasma norepinephrine concentration at rest were weakly correlated with the integration of work loads (r=0.64, r= -0.58, f= -0.49, respectively) ( Table 3) . (Table 2 ). Hemodynamic changes after the administration of nifedipine are presented in Table 1 .
Correlation between the integration of work loads and hemodynamic changes after nifedipine administration Fig. 1 . Relationship between work load and change in stroke index following a single dose of nifedipine (lOmg). There is a close correlation between the integration work loads and changes in stroke index after nifedipine administration (p < 0.01). Work load is defined as the integration of work loads. Fig. 3 . Relationship between work load and change in pulmonary arterial diastolic pressure following a single dose of nifedipine. There is no correlation between the integration work loads and change in pulmonary diastolic pressure after nifedipine administration. Work load is defined as the integration of work loads. Fig. 4 . Relationship between work load and change in plasma norepinephrine concentration following a single dose of nifedipine (10nig). There is no correlation between the integration work loads an change in plasma norepinephrine concentration after nifedipine ad ministration. Work load is defined as the integration of work loads.
The change in stroke index after the administration of nifedipine was inversely well correlated with work loads (r= -0.84, Fig. 1 ). Changes in heart rate and left ven tricular ejection fraction were significantly correlated with the integration of work loads (r= 0.81, r= -0.55, respectively, Table 3 , Fig. 2 ). However, changes in mean arterial pressure, cardiac index, pulmonary arterial dias tolic pressure, and plasma norepinephrine concentration were not correlated with the integration of work loads ( Effects of nifedipine and exercise capacity In this study, mean arterial pressure and pulmonary arterial diastolic pressure decreased significantly follow ing the administration of a single dose of nifedipine. A decrease of mean arterial pressure and pulmonary ar terial diastolic pressure may result from this agent's vasodilator effect. These findings are also consistent with previous reports (4-6). However, a relationship between the integration of work loads and hemodynamic changes due to afterload reduction have not been elucidated. In this study, an increase in heart rate following nifedipine administration was positively correlated with the inte gration of work loads. Although the increase in the cardiac index did not correlate with the integration of work loads, an increase in the stroke index due to afterload reduction showed a close negative correlation with the integration of work loads (r= -0.84). Thus, in patients with dilated cardiomyopathy, changes in hemodynamics due to afterload reduction, especially a change in stroke volume, may be better predictors of exercise capacity than are resting hemodynamics. The reason why hemodynamic changes due to afterload reduction correlate well with exercise capacity is not clear, but one can speculate as follows. According to the theory of end-systolic pressure volume relationship, if the preload is fixed, the increase in stroke volume due to afterload reduction is greater in the the heart with severely depressed contractility than in one with mildly depressed contractility (8, 9 
Clinical Implications
The exercise capacity of patients with dilated car diomyopathy may not always depend upon baseline hemodynamic values but rather upon the change in hemodynamic values following the administration of nifedipine. Although in the present study, the effects of nifedipine was determined invasively by Swan-Ganz catheter, they can be determined also noninvasively by echocardiography or radionuclide angiography. There fore, hemodynamic changes due to afterload reduction, especially in stroke volume, may be one of the important predictors of exercise capacity in patients with dilated cardiomyopathy. References
